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[1] During the last decade, much attention has been placed on quantifying and modeling
Arctic stratospheric O3 loss. At issue in particular is the reliability of models for
simulating the loss under variable dynamical conditions in the Arctic region. This paper
describes inferred O3 loss calculations for the 2004–2005 Arctic winter using data from
four solar occultation satellite instruments, as well as the Earth Observing System
Microwave Limb Sounder (EOS MLS). O3 loss is quantified with the ‘‘Chemical
Transport Model (CTM) passive subtraction’’ approach, using a passive O3 tracer field
from the SLIMCAT CTM. The 2004–2005 Arctic winter was moderately active
dynamically, but was still one of the coldest Arctic winters on record, with prime
conditions for O3 loss. Loss estimates inferred from all of the different satellite instruments
peaked in mid-March at 450 K between 2–2.3 ppmv, slightly less than similar estimations
for the cold 1999–2000 winter. The SLIMCAT CTM was also used to simulate O3 for
the 2004–2005 winter. In March, near 450 K, the model O3 was 0.3 ppmv (�10–15%)
lower than the observations, leading to a maximum O3 loss that was 10–15% larger than
that inferred from observations, using the passive subtraction approach. Modeled loss
maximized around the same time as that inferred from observations. Although some
discrepancies between the observed and modeled O3 remain, the level of agreement
presented here shows that the SLIMCAT CTM was able to satisfactorily simulate O3 and
polar O3 loss during the dynamically active 2004–2005 Arctic winter.
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1. Introduction

[2] Since the discovery of the Antarctic O3 hole in 1985
[Farman et al., 1985], modeling O3 loss has been an
important focus of research in the atmospheric science
community. At issue most recently is the feedback between
climate change and stratospheric O3 levels. In order to

predict changes in climate, scientists have employed cou-
pled Chemistry Climate Models (CCMs). An integral part of
developing CCMs is defining the most appropriate atmo-
spheric chemistry modules, which should ideally be derived
from chemical transport models (CTMs). CTMs are forced
with winds and temperatures derived from analyses of
observed meteorological parameters; therefore they cannot
be used to make projections about future climate. However,
CTMs are used to simulate present day atmospheric con-
ditions and can be compared to observations to test our
understanding of atmospheric phenomena. Previous studies
have shown that CTMs have underestimated Arctic chem-
ical O3 loss compared to observed loss [Chipperfield et al.,
1996; Deniel et al., 1998; Becker et al., 2000; Guirlet et al.,
2000], which implies a gap in our understanding of O3 loss
processes. WMO [2003] states that ‘‘global CTMs repro-
duce a large fraction (60 to 100%, depending on the winter)
of the observed O3 loss in the Arctic and its variability’’;
however, uncertainties exist because of the ‘‘current unre-
alistic representation of denitrification processes in 3-D
CTMs and unexplained O3 losses during cold Arctic
Januarys’’. The report also states that, ‘‘these uncertainties
prevent reliable predictions of future Arctic O3 losses in a
potentially changing climate [WMO, 2003].’’ Therefore in
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order to correctly develop CCMs to make accurate predic-
tions about future climate, it is imperative for CTMs to
simulate changes in the stratospheric O3 layer accurately.
[3] Recent studies have shown that changes made to

CTMs have now improved their ability to simulate Arctic
O3 loss, even during complex, dynamically active winters
[e.g., Feng et al., 2005]. Singleton et al. [2005] have shown
that during the 2002–2003 Arctic winter the SLIMCAT
CTM was able to simulate O3 loss that was inferred from
Polar Ozone and Aerosol Measurement (POAM) III obser-
vations. In order to rigorously evaluate SLIMCAT or any
other CTM for reliability in simulating Arctic O3 loss
processes, it is necessary to investigate multiple Arctic
winters, since there is large interannual variability due to
complex dynamical activity [WMO, 2003]. This paper
describes inferences of chemical O3 loss from observations
(hereafter referred to as the inferred O3 loss) inside the polar
vortex for the 2004–2005 Arctic winter (defined here as the
time period from 1 December 2004 to 1 April 2005) using a
version of the well-validated ‘‘passive subtraction’’ tech-
nique [e.g., Harris et al., 2002; WMO, 2003; Manney et
al.,1995a, 1995b, 2003; Singleton et al., 2005]. Calculations
of inferred O3 loss in the lower stratosphere are shown at
discrete levels and for the integrated partial column. Data
from five different satellite instruments are used, including
POAM III, the Stratospheric Aerosol and Gas Experiment
(SAGE) III, the Earth Observing System Microwave Limb
Sounder (EOS MLS), and the Atmospheric Chemistry
Experiment Fourier Transform Spectrometer (ACE-FTS)
and Measurement of Aerosol Extinction in the Stratosphere
and Troposphere Retrieved by Occultation (MAESTRO).
Inferred O3 loss during the 2004–2005 winter is com-
pared to loss inferred during the cold 1999–2000 Arctic
winter. These inferred O3 loss calculations, as well as the
observations of O3 itself, are compared to simulations
from the SLIMCAT CTM to deduce how well the
dynamics and chemistry were simulated for the 2004–
2005 Arctic winter.

2. Data Sets

[4] In this section the five satellite data sets that were
analyzed for the 2004–2005 Arctic winter are described.

2.1. POAM III

[5] POAM III (hereafter referred to as POAM) is a nine-
channel solar occultation photometer that was launched in
March 1998; the instrument ceased operations in December
of 2005 because of an instrument anomaly. POAM has
channels ranging from 0.353 to 1.02 mm and measures
vertical profiles of O3, NO2, H2O, and aerosol extinction
[Lucke et al., 1999]. Because of the sun-synchronous polar
orbit, 14–15 POAM observations occur around a circle of
latitude in each hemisphere each day, with Northern Hemi-
sphere latitudinal coverage varying slowly between 55�N
and 73�N. During the Arctic winter, POAM sampled both
inside and outside the polar vortex. For this analysis POAM
version 4.0 retrievals, which have a vertical resolution of
approximately 1 km in the stratosphere, are used.
Version 4.0 O3 data have changed little from version 3.0,
which was validated by Randall et al. [2003]; POAM O3

measurements agree to within ±5% with correlative ozone-
sonde and satellite data between 13 and 60 km.

2.2. SAGE III

[6] SAGE III (hereafter referred to as SAGE) was
launched in December 2001, and ceased operations in
March of 2006. It utilizes solar occultation to measure
vertical profiles of O3, NO2, H2O, temperature, pressure,
and aerosol extinction [Chu et al., 2002; Thomason and
Taha, 2003; Wang et al., 2006]. SAGE uses a grating
spectrometer with spectral channels ranging from 280 to
1545 nm. SAGE was launched into a sun-synchronous orbit
and its Northern Hemisphere observations range between
50� and 80�N. Atmospheric profiles of O3 are sampled with
�0.5 km vertical resolution in the lower stratosphere. As
shown by Wang et al. [2006], ‘‘the agreement between
SAGE and correlative measurements is approximately 5%
down to 17 km’’. For this work, version 3.0 SAGE data
have been used in the comparisons.

2.3. EOS MLS

[7] EOS MLS was launched in July 2004. The EOS MLS
instrument is composed of heterodyne radiometers operat-
ing in 5 spectral regions: 118 GHz, 190 GHz, 240 GHz,
640 GHz, and 2.5 THz [Waters et al., 2006]. EOS MLS
measures limb emission at these wavelengths to obtain
vertical profiles of a number of species that are relevant to
polar studies including temperature, H2O, HNO3, O3, HCl,
ClO, and N2O. The NASA Aura satellite that hosts the EOS
MLS instrument is in a near-polar, sun-synchronous orbit.
On each orbit, EOS MLS observations span from 82�S to
82�N [Waters et al., 2006]. The vertical resolution varies for
each species and is approximately 2.7 km for O3 in the
lower stratosphere [Froidevaux et al., 2006].

2.4. ACE-FTS and MAESTRO

[8] The Atmospheric Chemistry Experiment (ACE) sat-
ellite was launched in August 2003. Two solar occultation
instruments are included on ACE, the ACE-FTS and
MAESTRO instruments. For this work ACE-FTS
version 2.2 O3 update (which compared to versions 1.0
and 2.2 has improved agreement with SAGE, POAM, and
ozonesondes near the profile peak) and MAESTRO
version 1.1 data are used. ACE-FTS is a high-resolution,
Fourier transform infrared spectrometer [Walker et al.,
2005] that operates in the 2 to 13 micron spectral region.
It measures the vertical distribution of many constituents
relevant to polar studies, including temperature, O3, H2O,
CH4, NO, NO2, HNO3, HCl, N2O5, and ClONO2 with a
vertical resolution of approximately 4 km in the lower
stratosphere [Bernath et al., 2005]. MAESTRO is an optical
spectrometer covering the 400 to 1030 nm spectral region
with a vertical resolution of approximately 1 km; it measures
vertical profiles of O3, NO2, and aerosol extinction.
[9] As indicated above each instrument has a different

vertical resolution for the O3 observations. For this study, all
observations and the CTM have been interpolated to a
standard potential temperature grid corresponding to a
vertical resolution of about 1 km. Before conducting the
analysis, the original profiles were compared to the inter-
polated profiles to ensure that the vertical structure of the
profile was not compromised by the interpolation. Implica-
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